Effects of Exposures on Superalloys for Space Applications 

T. P. Gabb, A. Garg, J. Gayda 

The industry is demanding longer term service at high temperatures for nickel-base superalloys in gas turbine engine as 
well as potential space applications. However, longer term service can severely tax alloy phase stability, to the 
potential detriment of mechanical properties. Cast Mar-M247LC and wrought Haynes 230 superalloys were exposed 
and creep tested for extended times at elevated temperature. Micro structure and phase evaluations were then 
undertaken for comparisons. 



National Aeronautics and Space Administration 



. NASA Glenn Research Center 
. University of Toledo/NASA GRC 



National Aeronautics and Space Administration 


d 


J2 

c 

0 

E 

Q) 


O" 

0 

O' 


O -C 

LO o 

^ O CD 

Sow 

r> 10 w 

OS Q. 
© 

TO O (fl 
0) TO ^ 

ffc e 

= CL CO 
JJ O CL 

_c O) 2 

•2> § o 


o CD 

co o X 

I V ® 

^ $ o 
o 

>> c 

o Q) 


V 

CO 

CD 


fc 

o 


O ~ 


CO 
CO 

2 16 

E 

"O 'F ^ 

:= .E 0 


E 

o 

> 

0 


E 

0 

■q 

o 

CL 


0 

E 

0 

0 

to 


0 c^. 

_Q 0 

2 0 

E -c a) 

O CD iS 
O ” 

C .9- 

^ .0 £ 
CD CO Q- 
■= 0 ^ 

0 Q_ m 
S- fl N 0 

CO 0 § 

$ O 0 
F O 

C C -q 

£ £ o 


CD 

0 

00 — 


Q_ 

0 

0 

O 

CD 


0 


t 0 = 


0 

“O 
c 
0 

if) 

0 

4— ■— 

0 = 

si-si 

OQ0 


o 

0 


0 w 8 

h- 0 b 
_3 

0 ^ "O 
0 0 E 
Q- 0 00 

E o. g 

0 =3 Ir 
^ if) ^ 

© O g 

•t = ® 

=3 Q_ 


2 0'” 


0 CO 


0 


0 

0 


0 

0 0 
0 _C 
*“ CL 
0 


O" 0 c .= 
m — C- r- 


^ D if) 

0 .E 5 1: 

£ 2 C 

■| © a 

■—Op 

o o 
_ o 


0 

L_ 

0 


_Q 0 
0 


0 

- 0 F 
, 5 l 7 


0 .E 5 
0 -C 

0 "O 
o c 
o 0 


o 

-Q 


> 

o 

CD 

0 

if) 

0 

C 


topological close packed phases are possible: a, p, rj, 5; 
continuous carbide films forming? 
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-Haynes 230: creep -Mar-M247LC: creep, tensile, high cycle fatigue 
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- (Cr,W) 23 C 6 content appears to increase 

- Larger (W,Cr) 6 C is changing within grains for exposures at 1090K 

- Mixed SE+BSE imaging allows both carbides to be discerned 



National Aeronautics and Space Administration 



1,2:M b C 3 : M„C fi 

- M 6 C carbides within grains are transforming in part to M 23 C 6 , but there’s more going on 
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- Cr is diffusing out of M 6 C, which changes BSE contrast 
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Phase 3 Was Identified as (Cr,W) 23 C 
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time-h 

- (Cr,W) 23 C 6 content rapidly increases, then stabilizes during exposures at 

both 1090 and 1200K 

- (W,Cr) 6 C content within grains rapidly decreases during exposure at 1090K 

*JMatPro-Ni 4.0 www.nasa.gov n 
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- 1090K / 3,240 h exposure moderately improves creep resistance at 1090K / 48 MPa 

- Can be attributed to the increase in carbide frequency 
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- (Cr,W) 23 C 6 content appears to increase at the grain boundaries 
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- Coarsening occurs during exposures at both 1090 and 1200K 
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Mar-M247LC: Exposure Effects on Relevant Properties 
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- Creep and tensile properties moderately reduced, mean 
fatigue life sustained after 1090K/3,240h exposure 


Conclusions 

Improved duct and impeller superalloys look promising in 
initial exposure assessments 
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- More exposure temperatures/times and subsequent 
mechanical tests would be needed to support 
component design 
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